INTRODUCTION
The electromechanical systems are widespread. They are used in many areas of everyday life. Therefore improving the energy efficiency of their work is an important environmental and economic issue. To ensure higher efficiency of these systems requires a good knowledge of the interaction between all elements thereof, which is important in their design and operation [3, 8] . Academics are encouraged to continually develop engines with high energy efficiency. Scientists and researchers are principally engaged in theoretical research, and manufacturers -to create new products and components in response to the global trend of energy efficient electric motors and electric drives, which are regarded as a common energy system and improving the related standards [6, 9] . In terms of the training is important to have a relationship and integration between curriculum based on scientific postulates, as well as industry-oriented obtaining added value [1] . The practical training must adapt to the introduction of new technologies, the level of technical innovation and prepares students for interdisciplinary realization and lifelong learning [7, 14, 15, 16] . The aim of this report is to summarize the methodology for training in the field of energy efficiency of electric drives and to propose an option for further improvement of the existing laboratory system for training and research in this area.
Education in the Faculty of Technics and Technologies of Yambol is aimed at learning competencies for applying the existing methodologies and regulations [4, 5, 10, 18] , related to the specific area energy efficiency of electric drives. To meet the requirements for preparation of competitive specialists for the labor market was established laboratory equipped with operating units and models in which students conduct experiments and research with given by the lecturer terms and conditions. The exercises are related to solving real problems for the design and testing of energy efficient electromechanical systems, including awareness-raising and seeking appropriate solutions through research, calculations, simulations, optimization and testing results on real experimental arrangement. Used equipment are customary for each lab-related training in automated electric drives. The use of such equipment has the advantage that the exercises which are implemented are practical and implemented by simulating real production situations [13, 17] . Thus, students develop skills in decision-making and behavior model in terms of shortage of time taking into account the parameters and requirements of production. Figure. 1. Laboratory stand for study of the energy efficiency of electric drives 1-Power supply unit; 2-Control and testing of servomotors; 3-PC with software; 4-Standard motor; 5-Servo motor; 6-Frequency Inverter; 7-Protective resistor; 8-Galvanic circuit breaker; 9-energy efficient motor class IE3; 10-USB multimeter
In Figure 1 it is represented common type of laboratory setup for Study of the energy efficiency of electric drives. The staging is based on a modular principle. Every element of power and control of the electromechanical system is packaged in a separate module. The power supply module provides three-phase and single-phase AC and DC power supply for different types of electrical machines, as well as synchronous ones. The module for control and testing of servomotors is used for testing of electrical machines and drives. It consists of a device for digital control, brake, automatic and manual synchronization. Thermal protection is provided for the controlled machine. The connection of this module to a PC is via USB interface. The control software is "Active Servo" in which is possible to obtain characteristics of the test motor: speed; mechanical, complete, active, reactive power; voltage and current per phase; power factor (cos φ); efficiency. Figure 2 is an example for determining the mechanical characteristics and operating point of electromechanical system with three-phase induction motor. Through the software product can be simulated electromechanical systems such as pump, fan, compressor, lifting machine, winding machine, inertial wheel. Can be determined the regime parameters of electromechanical system with various types and value of motor loads.
a) obtaining of mechanical characteristic b) determination of optimal operating point Figure. 2. Working screens of the software "Active Servo"
Through the мultimeter with a USB connection to a PC can be measured: voltage; electricity; active, full, reactive power; power factor. The block with frequency inverter is based on the device Lenze 8400 [20] . This module is designed specifically for training and research. The inverter operates with a linear or quadratic V/f characteristic and vector control. Management and assignment of the inverter is done with potentiometer, by the operator display or via the digital inputs. The frequency inverter can be controlled through an industrial network of field level CANopen. Can be added extensions for EtherCAT, EtherNet/IP, POWERLINK, PROFIBUS, PROFINET. The training course is managed with multimedia interactive environment "LabSoft" [21] . In this software ( Figure 3 ) are provided virtual instruments for measurements in real time and generate output signals. The work area is divided into two main window. The left side is the course content in the form of hyperlinks to the exercises, which are displayed in the right pane.
SUMMARY OF THE CONTENT OF THE COURSE ON ENERGY EFFICIENCY OF ELECTRIC MOTORS
Training provided by the manufacturer methodology is implemented in the usual deductive approach -"From the general to the particular". Table 1 . Summary of the training course on the energy efficiency in electric drives
Stage Description
Basic questions. Topicality Justification of the topicality of the problem of application of energy-efficient electromechanical systems Description of the equipment Presentation of the equipment as described in Figure 1 Description of the project Characteristics of the electric drives system of a particular object, such as a fan, pump, compressor, etc.
Block diagram of the system Description of the system as a whole and its individual elements Table 1 it is made summarized contents of developed by a team of the company "LucasNuelle" [12] training course on the energy efficiency of electric drives. The course consists of research into energy efficiency of ventilation system with three fans powered by three-phase asynchronous motors. The training is organized in groups of tasks, preceded by theoretical reasoning and presentation of the problem to be solved in general form. Followed by numerical and/or experimentally determination the parameters of the motor, and finally a summary of the results. After each exercise is designed test to consolidation and examination. The presented course has the advantage of using modern multimedia and interactive tools for training the students. In software product is embedded content with hyperlinks to the exercises and the ability to use virtual instruments for measuring parameters of electrical machines. There is simulation used in the practice of electromechanical systems. One disadvantage of this computer integrated system is that the data was plotted as a raster graphics, which hampers their direct use for processing and analysis. In the software is a possibility resulting graphics can be copied as an image file and stored on the PC or inserted into word processing applications such as MS Word or Open Office Writer and others. Connectors are provided to connect external measuring devices, such as multimeters, oscilloscopes etc.
IMPLEMENTATION OF OF SOFTWARE AND MEASURING EQUIPMENT FROM OTHER DEVELOPERS FOR OBTAINING AND PROCESSING OF DATA
Improvement of the system is in obtaining graphic data of measurements with application of software from other developers with tools for extracting points from raster graphics and converting them into vector. These are published on the website of Mathworks and can easily be run in software product Matlab [22] . Suitable programming tool is Grabit (Figure 4) . The program offers a form defining the minimum and maximum value by x and y axes, review of the received graphic recording in a file. The resulting characteristics of the motor can be presented as the Principal components, Wavelet coefficients or a combination thereof, to use methods for classification with Support vectors machines, Neural networks, Kalman filter, Decision tree and others. For example, in determining the losses in electric motors, which are related to energy-efficient use as described in [2, 19] . On the panel of the module for control and testing of servo motors are displayed connectors for measuring speed and torque. These parameters of the motor are displayed in the form of voltage proportional to them and under the connectors are specified conversion coefficients to convert measured voltage to speed and torque. Figure 5 . Measurement of speed and torque with USB multimeter 1-Multimeter with USB interface; 2-PC with PC-Link software; 3-Connectors for measuring speed and torque Figure 5 is an example of recording of torque through multimeter with USB interface VA18B. This multimer is connected to a personal computer. The system for external obtaining of motor characteristics consists PC installed with the following software: PC-Link -Direct reading and recording the readings of multimer; MS Excel -data import from software of the meter and export to Matlab; Matlab -Importing data from MS Excel for the purpose of processing by the methods presented above.
CONCLUSIONS
Technology development in the field of energy-efficient electric drives require adaptation of educational content to them. An analysis and systematic review is made of hardware and software content of training courses of laboratory setup for testing the energy efficiency of electric motors. The results of this analysis indicate that additional software and measuring equipment is necessary for application of this equipment for research purposes. By summarizing the methodology for conducting exercises in the field of energy efficiency of electric drives are systematized different options allowing students to find appropriate solutions in case of problems in this area. Software and measuring instrument are adapted for obtaining data of motor characteristics in vector format. From these characteristics can easily be retrieved features that can be used as input to the classifiers.
